INTRODUCTION
The elastic impedance, or EI, function has enabled far-offsetangle stack data to be inverted using technology developed for acoustic impedance inversion. An undesirable feature of the EI function has been that its dimensionality varies with incidence angle θ and provides numerical values that change significantly with θ . These problems have been overcome by modifying the EI function with constants α o , β o , and ρ o . These modifications allow for a direct comparison between elastic impedance values across a range of angles in a manner that was not available with the previous formulation. The modifications neither improve nor degrade the accuracy of the reflectivity that can be derived from the EI function.
ELASTIC IMPEDANCE
Elastic impedance was developed in the early 1990s to aid exploration and development in the new Atlantic Margin province west of the Shetland Islands (Connolly, 1999) . The use of impedance data improved the understanding of the geology across the multidisciplinary team. However, much of the seismic data exhibited a Class 3 behavior, with hydrocarbons being more visible at far offset. The use of elastic impedance combined the benefits of working with inverted data and with far-offset data.
Elastic impedance aids the inversion of nonzero offset data because it provides a log trace derived from a set of P-wave velocity, S-wave velocity, and density logs (α, β, ρ) , consistent with the reflectivity of a far-offset angular projection. The EI log can be used to calibrate far-offset-angle stack data in the same way that acoustic impedance logs are used to calibrate zero-offset seismic data.
Connolly started with the two-term linearization of the Zoeppritz equation (Aki and Richards, 1980) ,
and defined elastic impedance as analogous to acoustic impedance in terms of impedance changes from formation n to formation n + 1: 
He showed that EI could be approximated as a simple function of α, β, and ρ,
where the exponents a, b, and c are functions of incidence angle θ:
The variable K is taken to be a constant over the interval of log of interest. Constant K is an approximation that limits the accuracy of the EI equation. For an interface where
the reflectivity coefficient predicted from the EI equations will be the same as the reflectivity predicted by the two-term linearized Zoeppritz form [equation (1)]. For a section of log over an interval of interest, the constant K value can be determined by averaging (β 2 n /α 2 n ) over the interval. Alternatively, the constant K value can be determined by finding the value of K that minimizes the errors in the reflection coefficients over the interval (Connolly, 1999) . Connolly (1999) also demonstrated that by starting with the three-term linearization of the Zoeppritz equation (Aki and Richards, 1980) ,
the EI function [equation (3)] still applies, after modifying the exponent a in equation (4) as
One of the criticisms of the EI function [equation (3)] is that its dimensionality varies with θ . Additionally, or because of this, the EI values vary significantly with θ. This is illustrated in Figure 1 , which shows the average EI for the 204/24a-2 well, west of Shetland, plotted as a function of θ. This property makes displaying the AI and EI logs together inconvenient. To overcome this, the EI logs are usually scaled by a factor appropriate to the particular angular projection being used. Note that the EI function [equation (3)] always predicts the AI log at θ = 0 without any scaling.
This note gives a simple way of normalizing the EI equations so the dimensionality remains constant with θ and EI values in the normal AI range are returned for all angles θ.
VerWest et al. (2000) describe an alternative approach to the problem. They use a different approximation for elastic impedance, derived from a different expansion of the Zoeppritz equations. This approach appears to give highly accurate reflection coefficients, particularly at very high angles of incidence where the three-term linearization begins to break down.
NORMALIZATION
To remove the dimensionality as a function of θ, I introduce constants α o , β o , and ρ o and modify the EI function [equation (3)] to be
If the values of these constants are chosen to be averages of the α, β, and ρ logs, then EI(θ) will vary around unity. This modification removes the dimensionality dependence and stabilizes the function. If we further scale this function by a factor FIG. 1. The average value for the EI logs for the 204/24a-2 well, west of Shetland, plotted as a function of incidence angle θ. The shape of this curve depends on the units in which the data have been specified. In this example, velocities were measured in meters per second and density was measured in grams per cubic centimeter.
α o ρ o , the dimensionality of EI becomes the same as AI and we find that EI(θ ) predicts the correct value of acoustic impedance, αρ, at θ = 0:
To achieve the new normalized form of EI, we have effectively scaled the original definition of EI [equation (3)] by the factor α
o . We can deduce from the reflectivity definition of elastic impedance [equation (2)] that applying a scaling factor to EI does not alter the calculated reflectivity, since the scaling factor appears in both the numerator and denominator of that equation. The modifications have therefore neither degraded nor improved the accuracy of the EI function.
We can deduce from the new normalized form of EI [equation (9)] that for a formation with α, β, ρ values equal to α o , β o , ρ o , respectively, the elastic impedance in that formation will remain constant with increasing angle θ with a value of α o ρ o , the acoustic impedance of the formation. We could therefore design the EI function to remain constant for the reservoir cap rock by setting α o , β o , ρ o equal to the properties for that layer. 
CONCLUSIONS
The new normalized form of elastic impedance [equation (9) ] allows values to be derived that do not vary rapidly with incident angle θ. The new constants, α o , β o , ρ o , used in the modified equation allow the EI function to be normalized so that the elastic impedance of a particular layer does not change with θ . These modifications allow for a direct comparison between elastic impedance values across a range of angles in a manner that was not available with the previous formulation.
